Six disposable heat and moisture exchangers were tested on patients undergoing anaesthesia requiring mechanical ventilation. Inspiratory humidity and temperature were monitored to find the steady-state values reached with each device together with the times taken for these to be achieved. The exchangers were tested in a non-rebreathing T-piece circuit and in a conventional circle system with a fresh gas flow of 6 lImin: the Siemens 150 provided 28 and 32 mg of water llitre of inspired gas (at about 30 D C) in 10 and 5 min respectively, but is rather heavy and bulky. The Portex Humidvent provided 25 and 30 mgll, and although taking longer to reach steady state (27 and 15 min respectively) is small, light and cheap. The Siemens 151 provided 25 and 27 mgll in 18 and 10 min respectively, but is heavier than the Portex exchanger. The performances of these three devices were not significantly difJerentfrom each other in either study (P < 0.05). For the T-piece system the Pall and Engstrom exchangers were the next most efficient.
the cost and the lack of scientific data demonstrating reduced postoperative morbidity, the role of humidification remains controversial. 3 There are two types of device available for the humidification and heating of respiratory gases during anaesthesia -heater water bath systems and single-use condenser heat and moisture exchangers. The former add heated water vapour to the breathing system and are expensive and complex, whereas the latter reduce expiratory heat and water loss, and are relatively cheap and simple.
Heat and moisture exchangers have been cumbersome and relatively inefficient. 4 However, a new generation has been developed recently and 'in vitro' tests indicate that they are now capable of producing high inspiratory humidity. This paper reports a study in which six commercially available exchangers were evaluated while in clinical use. METHOD The exchangers evaluated were the Engstrom Edith, the Pall Ultipor, the Portex Humidvent, the Siemens Large (SH 150), the Siemens Small (SH 151) and the Terumo Brethaid.
Humidity and temperature were measured at the endotracheal tube using a combined hygrometer and thermometer (Kane-May, Model 8000, Kane-May Limited, Hertfordshire, England). The accuracy of the hygrometer was confirmed over the range 17-42 mg/l according to our previously published method using a mass spectrometer 5 (Centronics MGA-200 Mass Spectrometer, Centronics, Croydon, England), which was calibrated using a water vapour generator which was capable of generating saturated water vapour at temperatures ranging from 25° to 42°C. During the studies the hygrometer was checked intermittently using a two-point calibration technique. This involved exposing the sensor to two manufacturer-supplied calibration cartridges containing salts which provided head-space humidities of 0% and 75% relative humidity. The response time of the hygrometer was determined using a previously published method 6 and was found to be 0.30 (SO 0.04) sec (n = 50). The accuracy of the temperature-measuring component of the device was confirmed over the range by comparison with a reference thermometer (Instrulab Digital Temperature Indicator, Series 4000, Instrulab, Day ton, Ohio, U.S.A.).
Patients were selected who were to have surgery which would last two hours or more, which was to be below the level of the upper chest and which required controlled ventilation during general anaesthesia. Three sets of investigations were carried out. For the first set, a T-piece breathing system was used, since no other simple method could be found of reliably producing very low inspiratory humidity. Twelve surgical patients who required endotracheal intubation and mechanical ventilation were included in this part of the study. Induction of anaesthesia was with thiopentone; a nondepolarising relaxant was used to facilitate ventilation. Opiates and inhalational agents were used as considered appropriate. A circle system was used initially. Once the anaesthetist was satisfied that observations were stable the breathing system was changed to a T-piece. The patient limb of this system was connected to the hygrometer which was connected to the endotracheal tube. A sampling port for a carbon dioxide analyser (Datex Model CD 102, Datex Instrumentarium, Helsinki, Finland) was also included. The expiratory limb was connected to a bag-in-bottle system driven by a Bird Mark 7 ventilator via a one-metre length of black rubber corrugated tubing. The respiratory rate was set at approximately 10 per minute with an inspiratory:expiratory ratio of 1 :2, and the tidal volume was adjusted to achieve an end-tidal carbon dioxide tension of 35±2 mmHg. The fresh gas flow was increased, if necessary, until the inspiratory carbon dioxide tension was zero, thus providing a non-rebreathing system. This was usually achieved with a flow of about 10 litres/minute. The inspiratory humidity was always less than 2.5 mg/l (approximately 10% relative humidity at 25°C).
Humidity was measured continuously, giving a breath-by-breath reading on a pen recorder (Linear Chart Recorder, Model 290, Linear Instruments, Irvine, California, U.S.A.). Temperature was measured at five-minute intervals. One of the heat and moisture exchangers was then inserted between the T-piece and the hygrometer. The inspiratory humidity was monitored and the time taken for this to reach a maximum was noted. The maximum stable humidity and the temperature of the inspiratory gases at that time were also noted. The device was then removed and the system was allowed to dry out again before another exchanger was inserted; the order of insertion of the exchangers was randomised.
For the second part of the investigation, anaesthesia was as before. When conditions were considered stable, the hygrometer was inserted such that the patient end of the breathing circuit consisted, in order, of the circle Y -connector, the catheter mount, the hygrometer, the carbon dioxide analyser sampling port and the endotracheal tube. A fresh gas flow of 4 lImin nitrous oxide and 2 lImin oxygen was used, with a respiratory rate of 10/min and an inspiratory:expiratory ratio of 1 :2, and the tidal volume was adjusted to achieve an end-tidal carbon dioxide tension of 35±2 mmHg. Once humidity and temperature were stable, a heat and moisture exchanger was inserted. This was in place of the catheter mount for the large devices, but was between the catheter mount and the hygrometer for those with small dead-spaces (Terumo Brethaid and Portex Humidvent). Humidity and temperature were noted when a steady state had been reached, together with the time taken. The device was then replaced with another. The order was randomised as before.
The third part of the investigation, similar to the second, was carried out on ten patients using the same system used in the second part. However, instead of comparing each device in turn, results were obtained with three alternative arrangements: the direct connection of the circle system to the endotracheal tube, the inclusion of a standard black corrugated catheter mount, and the insertion of a Siemens SH 150 instead of the catheter mount. This had been shown by the previous tests to be the most efficient exchanger.
Finally, each device and a standard catheter mount were weighed and their dead-spaces were determined by filling them with water and weighing them again.
RESULTS
The mean time taken to reach steady state and the mean temperature and humidity of the inspired gas at steady state for each device or system are shown in Figure 1 . Estimates of the dead-space volume and the weight and cost of each device are shown in Table 1 . DISCUSSION Many studies have demonstrated detrimental effects of arid gases on the respiratory tract and its mucosa. 7 ,8.9 Although one study has demonstrated beneficial effects of humidification in terms of reduced postoperative morbidityl° one small study has come to the reverse conclusion. 11 Most anaesthetists do not employ methods to humidify inspiratory gases for routine adult cases. Reasons stated for this have included cost and additional potential risks such as infection, increased dead-space and more si tes for gas leakage and circuit disconnection.
The original multiple gauze type of condenser humidifier was not used very often, probably because of its relative inefficiency, as inspiratory humidities of only about 15-25 mg/l (35-55% relative humidity at 3rq were obtained with its use in a conventional circle system. 12 . 14 Following the introduction of a new exchanger in the late 1970s,15 a range of new devices became available. In these, more water is retained from the expired gas, not only due to condensation associated with a fall in temperature but also due to various arrangements of materials and chemicals, some hygroscopic and one (the Pall) hydrophobic. The Siemens devices contain a cellulose sponge together with a nylon felt insert, the Portex devices a calcium chloride impregnated microporous corrugated paper element, the Engstrom devices a lithium chloride coated polypropylene sponge (with chlorhexidine as a bacteriostatic agent), and the Pall devices a pleated resin-bonded hydrophobic fibre sheet.
Several studies have reported the efficiencies of these devices during use in the laboratory setting. 16 -20 Our clinical study was designed to test the effectiveness of disposable heat and moisture exchangers in both the most challenging manner (used In a non-rebreathing circuit) and in a more conventional manner (used in a circle circuit).
As expected, all devices gave higher inspired humidities and temperatures when used in the rebreathing system than in the non-rebreathing system and steady state was usually reached in about half the time. The Siemens 150 achieved the highest humidities in the least time. It delivered 32 mg/l at 31 °e within 5 minutes when used in the circle circuit, and 29 mg/l at 30 0 e within 10 minutes when used in the non-rebreathing system. The Siemens 151 and Portex exchangers reliably delivered between 25 and 29 mg/l at between 27-30 o e, achieving these levels in about 10 and 20 minutes (Siemens 151) and 15 and 30 minutes (Portex) for the circle and non-rebreathing systems, respectively. These values are similar to those obtained by Oh and co-workers;21 in our study there were no significant differences between the performances of these three devices in either system.
The Pall and Engstrom devices were the next most efficient, delivering 18-20 mg/l at 2re in about 20 minutes for the T-piece; this l~vel of performance was significantly dIfferent from that of the first three devices for this system. The Pall and Engstrom both delivered 23 mg/l at 28°e in 8-10 min in the circle system; this level of performance was not significantly different to that of the Siemens SH 1 51 and Portex devices. The Terumo device, an example of the older multiple gauze type, was the least efficient delivering only 8-13 mg/l at 26-27°C. Thi~ l~vel of performance was significantly dIfferent from that of all other devices tested.
The third part of the study investigated the humidity generated by a circle circuit alone and the effects of adding either a catheter mount or a large Siemens exchanger. Mean humidity was about 7 mg/l in the circle circuit alone and was about 13 mg/l after addition of a catheter mount; these findings are similar to those of others.22 Addition of a Siemens 150 increased the mean inspired humidity to about 32 mg/I. This has also been shown to significantly decrease the rate of fall in core Anaesthesia and Imens;ve Care. Vol. 15. No. 3, August. 1987 body temperature of patients anaesthetised for superficial or extremity operations. 18 . 23 It is apparent from Figure 1 that as temperatures do not vary much, this heat is retained by the return of warm expired water vapour and that an insignificant amount of heat is lost in air.
The findings of laboratory studies on heat and moisture exchangers l6 -20 are in general agreement with those of our study. The Siemens SH 150 always had the best performance, whereas the Terumo HME always had the worst performance in the studies in which they were tested. Also, in agreement with our findings, the Siemens SH 151, Portex, Engstrom and Pall all performed similarly when tested in the circle system.
Some other features of the devices tested deserve comment. The Siemens 150, although efficient, is relatively large and has a dead-space of 80 ml; the Siemens 151 is somewhat smaller but still weighs 25 grams and has a dead-space of 25 ml. Both these Siemens products have inner elements which need to be replaced after use. To facilitate this, one end of the outer housing is separable from the other, these being held together by a screw thread. This constitutes an additional disconnection or leakage risk
The Portex Humidvent was also efficient, but took longer to reach steady-state. It does, however, have a number of favourable features. It is small, light in weight, has very little dead-space and exhibits little extra disconnection risk. In addition, it is relatively cheap.
It has been suggested that an inspired humidity of about 30 mg/l is sufficient to prevent the detrimental effects of arid gases on respiratory mucosa during anaesthesia. 24 . 25 As this was, for practical purposes, achieved by the Siemens and Portex devices, we would suggest that more complex equipment for humidification under anaesthesia is not indicated unless there are special reasons for it, such as prolonged surgery in a patient with copious inspissated secretions.
The Pall Ultipor has the advantage of being a most efficient bacterial filter l9 . 26 and indeed was originally sold for this purpose. 27 Although it is not quite as efficient as the top-ranked device, and has a dead-space of 70 ml, it has been found to be a satisfactory alternative to heated humidifiers in intensive care,28 and may provide considerable cost savings in allowing prolonged use of patient breathing systems without bacterial contamination. It can also be recommended as the exchanger of choice in any context in which contamination of the breathing circuit is considered undesirable.
The Engstrom Edith, although not quite as efficient as the three top-ranked devices, eliminates the need to use a catheter mount between the breathing system and the endotracheal tube, thereby reducing the number of junctions in the complete circuit. The Terumo Brethaid appeared to provide little discernible benefit during anaesthesia_ AC~~OWLEDGEMENTS We are grateful to the suppliers for providing the heat and moisture exchangers used in this study and to Mrs. Lyn Gregory and Mrs. D_ Brown for help with the preparation of the manuscript.
